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SECTION  1 


site  test  activities  during  the  HEMP  simulation  testjp|g|ggfef| 
gg^_  ig  May  1992  and  17  June  1992.  Day-to-day  activities, 
cteso  performed,  and  measurements  made  are  described.  Test  r^ults  are  provid^  from 

y 


188-125  (Reference  1). 


As  a  target  of  opportunity  an  additional  objective  was  incorporated  into  th 
which  addressed  coupling  of  the  radiated  El  environment  to  communications  antennas. 


1.3  Document  Contents 

In  addition  to  this  section,  this  report  includes  the  following: 

Pori™  1.  Test  Summary  which  defines  the  specific  test  objectives,  the  test 
techniques  used  and  summarizes  the  test  accomplishments  in  terms  of  the 

objectives. 

fifrtirm  T  Chronology  which  provides  a  day-by-day  summary  of  test  activities. 

Section  4.  Measurernent  Sm^OlE^  which  provides  a  complete  listing 
and  description  of  all  measurements  made  along  with  a  summary  of  on-site  test 
results. 

Section  5.  RecommendaHom  and  Lesson^ani^  during  the  course  of  test 
execution  as  they  relate  to  test  conduct  activities. 
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Objective  E3-3t 


Response  qf  "STie  'Maswxaiat  System 
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the  short  circuit  current  and  the  current  into  a 
radio  room  at  the  end  of  the 
were  employed  for 


Measurements  of 
load  were  made  in  the  facility 
antenna.  Two  angles  of  incidence 


(Oil  |  h-*|)  tr 


of  the  CWMS  antennas  and 


clement  w 


pm 


4J-  ‘ 
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to  determine  the  response  waveform  of  the  various  antennas.  Post-test  analysis  is  required 
to  evaluate  the  impact  of  these  m^suremens  on  pulse  test  requirements  of  MEL-STD- 
188-125. 
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ours  in 


;'V"  '  ' 


iection  testm 


Tnimi 


to  oegm  in 

■■,»■■■  .  . . .  After  several  measurement 

attempts  it  was  found  that  keying  the  handie-talkie  radios  was  interfering  with  the 


performed  after  t-5  seconds  and  valid  data  was  acquired  for  two  injections  and 
two  test  points.  One  of  these  injections  was  a  series  of  ten  second  “on",  ten 
second  "off"  periods  to  establish  correlation  of  the  measured  response  with  the 
E3  pulse.  Ambient  noise  and  pick-up  noise  measurements  were  also  made.  A  total 
of  ten  valid  data  records  were  taken  in  the  facility.  Two  records  of  the  pulser 
output  and  return  current  were  also  made. 


ABpLijection  testing  continued.  The  response  and  ambient  noise  was  monitored 
on  nine  additional  test  points  with  repeatability  data  taken  on  one.  No  facili 


disturbances  w 


easurements  of  the  pulser  output  and  return  currents  were 
made  for  two  charge  voltage  levels.  A  total  of  20  valid  measurements  were  made. 


mode  drive  was  set  up 
same  transfer  functi 


iffereatial 
Since  the 


tStingvras  completed  at  about  1300  hours  with  the  acquisition  of  18  dam  records. 
Set  up  of  the  E2  pulser  was  initiated,  but  no  valid  data  was  obtained. 


TSMgKjM 


mmon  m 


were  made.  A  total  of  22  data  records  were  obtained. 
OTcTuSes  a  measurement  of  the  injected  current  and  the  response 

No  problems  were  encountered  in  this 


PImTK 


Set  up  of  the  instrumentation  configuration  for  the  antenna 


irra; 


_  _  Dunng  the  afternoon,  •  CW 

measuremeiS^re^^to^butdueto  RF  amplifier  drop  outs  only  one  valid 
measurement  was  made. 


Due  to  the  amplifier  drop-out  problem  and  the  potential  risk  of  damage  associated 
with  frequent  raising  and  lowering  of  the  reference  sensors,  a  decision  was  made 
to  use  a  "live"  1  meter  high  reference  as  opposed  to  a  stored  reference.  (Amplifier 
drop-outs  are  readily  detestable  only  in  the  reference  channel.)  The  transfer 
function  between  the  13  meter  and  1  meter  reference  would  be  recorded  for  post- 
test  processing.  It  was  later  determined  that  the  amplifier  drop  out  was  due  t&RF 
EMI  affecting  the  new  AC  generator  used  for  the  RF  amplifier.  This  generator 
has  electronic  control  circuitry  and  when  relocated  about  30  feet  from  the  CWMS 
antenna,  the  drop  outs  ceased  to  occur.  Ten  measurements  for  the  tower  antennas 
were  made  including  ambient  noise  for  each.  The  13  meter  reference  tower  was 
moved  to  a  position  for  measurement  of  the  #10  fen-doublet  antenna. 


Measurements  were  made  for  the  number  10  and  number  9 
A  total  of  nine  measurements  were  made  including  pick-up  noise,  two  13  meter 
references,  and  two  reference  response  measurements  at  the  1  meter  height. 
Ambient  noise  data  were  obtained  for  the  four  antenna  measurements. 


No  measurements  were 


The  day  was 


sprat  doing  preliminary  set  up  of  th 

2 _ 

clearing  and  staging  of  the  antenna  dements 

1 

The  day  was  spent  moving  the  CWMS  antenna.  The  decision  was  made  to  set  up 
the  horizontal  array  only.  This  was  based  on  the  information  we  received  that  we 
would  not  be  allowed  to  test  on  Monday  morning  (15  June)  due  to  site  mission 
activities  and  if  we  set  up  the  vertical  array  first  there  might  not  be  time  to  set  up 
and  perform  horizontal  tests.  The  antennas  of  interest  at  CWMS  location  1  are 
horizontally  polarized.  Further  the  wires  which  form  the  vertical  dipole  would 
have  to  be  pre-hung  on  the  tower  as  it  would  take  a  full  day  to  lower  and  raise 
the  tower  if  not  pre-hung;  if  this  were  done  any  wind  would  likely  twist  the  wires 
and  they  cannot  be  untwisted  from  the  ground. 


Per  site  direction,  no  testing  was  performed  until  afternoon.  Horizontal  antenna 
deployment  was  was  erection  of  the  reference  tower  for 

measurement  and  12.  In  the  afternoon  four  antenna 

measurements  and  thl^Tsrenog  sensor  measurement  were  made. 


The  reference  tower  was  moved  for  measurements  of  the 
antenna.  The  referencetransf|r  function  was  measured  along  with  four 
measurements  on  tha  j^antenna.  The  short  circuit  and  50  ohm  currents 

were  monitored  for  boresignuncidence  and  side-on  incidence.  This  completed  the 
planned  antenna  response  measurements.  The  reference  tower  was  moved  to  a 
position  to  perform  a  full  six  component  field  map  of  the  horizontal  antenna  at 
the  13  meter  height. 


The  13  meter  height  field  map  was  performed  in  the  morning  and  six 
measurements  were  recorded.  Packing  of  equipment  for  shipment  was  begun. 


Equipment  packing  was  completed  and  equipment  shipped  to  S -cubed  in  San 


Mlitj  ;<  |l,[w  17  < )  t,l 


This  section  provides  descriptions  of  the  measurement  configurations  used  in 
test.  Descriptions  of  the  data  acquisition  equipment  and  procedures  are  included.  Test  results 
which  are  based  on  on-site  examination  of  the  data  records  are  also  summarized. 

4.2  £3  Simulation  Tests 


The  E3  simulation  tests  were  performed  using  the  DNA  E3  pulser  which  produces  the 
"long  time"  pulse  waveform  as  snerifiedin  M1L-STD-188-125.  The  pulser  output  amplitude  is 
ied  bv  limiting  the  charge  vol 


This  produced  injected  currents  ranging  from  abou 
amperes  to  ovetg^amperes  depending  on  the  impedance  of  the  driven  circuit. 


The  pulse  was  delivered  to  the  injection  points  via  several  hundred  feet  of  250  MCM 
cable  which  was  connected  using  welder’s  clamps  or  standard  electrical  lugs  depending  on  the 
injection  point.  All  data  was  acquired  using  an  Astro-Med  Inc.  recording  digitizer.  This  device 
produced  strip  chart  records  for  on-site  evaluation.  The  data  was  transferred  to  floppy-discs  via 
a  portable  computer  for  post-test  analysis.  Since  the  full  E3  pulse  lasts  for  about  six  minutes, 
these  data  records  are  very  long  (several  thousand  bits).  In  many  cases  "short"  records  (10-30 
seconds)  were  acquired  for  test  set  up  purposes  and  on-site  diagnostics  in  order  to  avoid 
excessive  data  storage  problems.  The  few  megabyte  hard-disc  storage  of  the  portable  computer 
could  be  filled  in  a  few  hours  of  testing  and  would  have  to  then  be  archived  on  the  floppy-discs. 
This  process  required  almost  15  minutes  per  record. 

A  unique  coding  system  was  used  for  the  E3  dam  records.  An  eight  character  filename 
was  employed  in  all  cases.  The  first  character  is  the  number  3  indicating  that  the  dam  is  for  £3 
tests.  The  second  character  is  a  letter  A,  B,  C,  which  correspond  to  increasing  charge  voltages 
i.e.,  charge  level  C  is  greater  than  level  B  which  is  greater  than  level  A.  The  character  Y  was 
used  as  the  second  character  for  ambient  noise  measurements  (zero  pulser  charge).  The  third 
character  is  a  zero  in  most  cases.  Where  the  letter  N  appears  as  the  third  character,  a  pick-up 
noise  measurement  is  indicated.  The  fourth  through  sixth  characters  correspond  to  a  specific  test 
point.  The  complete  list  of  test  points  are  provided  below.  The  seventh  character  is  a  repeat 
indicator:  the  first  pulse  is  always  A  with  B,  C,  etc.  used  for  subsequent  pulses.  The  last 
character  indicates  the  type  of  measurement  made  and  is  dither  C  for  current  or  V  for  voltage. 
Thus  the  file  "3A0025BC"  indicates  an  E3  tes 
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character  is  a  repeat  indicator,  and  the  last  indicates  current  (C)  or  voltage  (V).  Table  1  is  a  list 
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12 


Oil  current 
019  current 


Oil  and  019  current 


The  E2  simulation  tests  were  performed  using  die  DNA  £2  pulses-  which  produces  a 
waveform  in  accordance  with  the  MEL-STD- 1 8S-T25  test  injection  requirement  for  die 
"mtemgdiate-time’  pulse.  The  pulsar  output  current  is  varied  by  varying  the  charge  voltage  Jfl 
the«Ptest  charge  voltages  ranged  torn  1  kV  to  S  kV  resulting  in  drive  current  from  about 
50  amperes  to  over  400  amperes.  Although  charge  voltage  headroom  was  a 
no  attempt  was  made  to  inject  the  specified  500  ampere  pulse  as  a  precaution 

Linearity  of  the  response  was  demonstrated  by  testing  at  two  charge 


The  common  mode  drive  was  connected  to  E26  and  current  measurements  were  made 
of  the  input  drive  and  at  test  points  E23,  E24,  E25,  £27,  E2S,  £29,  and  £2i0.  A  pick-up  noise 
measurement  near  £29  was  also  made.  The  transfer  function  was  linear  between  a  4  kV  and  an 
8  kV  charge  voltage  and  was  about  1:210. 


The  following  sets  of  measurements  were  made  for  differential  mode  drive 


Drive  E25;  Measure  E27,  E28,  E29,  E210 


Drive  E24;  Measure  E27,  E28,  E29,  E210 


The  measurement  sequence  for  drive  of  E23^ 
were  in  qualitative  agreement  with  the  injection 
about  1:3  was  observ 
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In  all  the  E2 
microseconds  as  opposed  to  a  20  millisecond 
conjectured  that  this  pul 


the  input  pulse  was  shortened  to  about  20 

into  a  short.  It  is 


_ 


The  antenna  responses  were  monitored 
gP.  The  antenna  coaxial  cables  were 
each  polarization/orientation  configuration 


ohm  load  and  a  short  circuit  Tor 
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approximate  relative  location  of  the  CWMS  anternia^pHPiaiiW-jliigipifii^  Obviously, 
although  a  measurement  was  being  made  on  one  antenna,  all  the  antennas  are  illuminated  to 


Table  4.  CW  Data  Files 
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^3,  short  circuit,  3  m  height 
f3,  SO  ohms,  3  m  height 
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short  circuit 


Table  4.  CW  Data  Files  (concluded) 
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Figure  7.  Geometry  foi 
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NOTES: 
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£3  Simulation 


The  test  demonstrated  the  feasibility  of  conducting  E3  simulation  tests  at  an 
operational  facility.  Hazards  to  personnel  and  facility  equipment  can  be 
minimized,  although  never  totally  eliminated  due  to  the  nature  of  the  threat 
environment,  if  proper  procedures  are  followed. 


The  operator 


unng  tnepmmmmtsst  stood  on  a'ladder  to  control  the  pulser.  He  was  exposed 


to  the  elements  for  long  periods  of  time.  Such  an  operational  procedure  can  lead 
to  fatigue  and  possible  error  which  considering  the  energies  involved  could  be 
catastrophic. 


In  addition  to  th 


observe  the  position  of  th 


tor  was  needed  to  visually 


The  data  acquisition  system  employed  served  the  purpose 

required  frequent  and  extended  periods  for  data  archiving  .  If  the  E3  pulser  is  So 
be  employed  for  an  extended  fadtity  tea,  the  darn  stom&e.  canabHi^Lshould  be 


improved. 
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should  be  included  in  the 
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